NaCl content under investigated conditions. This work suggested that M. flavus had possible application as an alternative starter to produce sufu with the enhancement of the physiological function at lower temperature.
INTRODUCTION
Isoflavones were one of the major components responsible for the bioactive functions of soybean. A number of epidemiological studies have suggested that the much lower risks for several cancers including breast and prostate cancer, cardiovascular diseases, and bone health in East Asian regions than in western countries could be attributed to the higher amount of soybean food consumption. [1] [2] [3] Soybean isoflavones exist in the form of aglycones and their corresponding glucosidic conjugates, including glucosides, malonylglucosides and acetylglucosides. [4] Isoflavone aglycones had displayed a higher bioavailability as compared with their corresponding glucosides. [5] [6] [7] Sufu is a traditional fermented soybean curd originating from China, which has been consumed widely as an appetizer for centuries. [8] It is a soft cheese-like product with a spreadable creamy consistency. In commercial practice, Actinomucor elegans and Actinomucor taiwanensis were the most frequently used starter cultures for sufu production. However, these two mould species generally grow well at temperatures ranging from 25 • C to 30 • C, hence making it difficult to produce sufu at a over 35 • C indoor temperature during hot summer or below 20 • C in winter. Fermentation temperature greatly affects the growth of fungus and the activities of enzymes produced by microorganisms, which are considered to have a close relation to sufu quality. Recently, the screening of alternative strains to replace the commonly used starter cultures for sufu production is arousing much attentions of the researchers. Han and coworkers reported that the production of enzyme or enzyme activity by A. elegans was not enough to prepare good quality of sufu when fermentation was conducted at temperature over 30 • C or below 25 • C. Rhizopus oligosporus was able to accumulate more enzyme activities than A. elegans at higher temperature such as 35 • C, and hence it was reported to be a potential alternative starter to produce sufu of high quality during hot summer. [9] Our previous works also showed that Mucor flavus had a remarkable ability to grow well on soybean curd and yield comparable protease activity to degrade soybean protein, which was favorable to sufu production at temperature as low as 15 • C. [10, 11] Fermentation procedure was also able to alter the isoflavone profiles in sufu production when A. elegans was used as starter culture to produce sufu. During the entire sufu fermentation, the levels of aglycones increased, while the corresponding levels of glucosides decreased. The changes in the isoflavone composition were related to the activity of β-glucosidase produced by A. elegans in sufu, which was significantly affected by fermentation temperature. [12, 13] The enrichment of isoflavone aglycones may have the advantage to enhance the physiological functions of fermented soybean products. The previous work had confirmed that M. flavus could be a potential alternative starter for sufu production at lower temperature by evaluating M. flavus growth and protease production on soybean curd as well as the hydrolysis of protein. [11] In the present study, we examined the changes in the content and composition of soybean isoflavones by conducting mass balance studies in order to develop the possible application of M. flavus for sufu production at lower temperature. We also investigated the relationship between the β-glucosidase activity and changes in soybean isoflavones during sufu processing.
MATERIALS AND METHODS

Materials
Daidzein, glycitein, genistein, daidzin, glycitin, genistin, 6 -O-malonyl-daidzin, 6 -O-malonyl-glycitin, 6 -O-malonyl-genistin, 6 -O-acetyl-daidzin, 6 -O-acetyl-glycitin, and 6 -O-acetyl-genistin were purchased from Japan LC Services Corporation. p-Nitrophenyl-β-D-glucoside (p-NPG) was purchased from Sigma Chemical Company. Mucor flavus CAU817 was originally isolated from commercial sufu in our laboratory. [10, 14] 
Preparation of Sufu by Using M. flavus as Starter Culture
Processing of sufu is modified according to the method of Yin et al. [12] The steps and production conditions were described as following:
1. Pre-treatment. Tofu was prepared by CaSO 4 precipitation from boiled soymilk and cut into rectangular pieces, approximately 3.2 × 3.2 × 1.6 cm. 2. Pre-fermentation. Fresh tofu pieces were inoculated with dispersion of M. flavus by spraying onto their surface, and incubated for 96 h under 90% relative humidity and air circulation at 13 • C. Semi-finished products were called pehtze. 3. Post-fermentation. Pehtzes were piled up in a container and various content of salt was spread between the layers for 5 days. Twelve pieces of salted pehtzes were matured in glass bottles with a dressing mixture consisting of koji red rice, an alcohol beverage, sugar, Chiang (wheat-based miso), and spices. Red sufu was obtained after ripening for 8 weeks.
Tofu, intermediates product of sufu prior to ripening and sufu were sampled for analyses. Fresh pehtze (bean curd overgrown with mould mycelia) samples were obtained after being fermented for 24, 48, 72 and 96 h and salted pehtze samples were obtained after being salted for 1, 2, 3, 4 and 5 days, respectively. Sufu was drawn randomly from each batch. The dressing mixture was decanted and sufu pieces were tested.
Isoflavones Extraction
Samples were freeze-dried and finely ground. Approximately 0.5 g of sample was weighed into 125 ml flat-bottom flasks, and 12 ml of extraction solution (acetonitrile: 0.1 N HCl in 5:1 ratio) was added to each flask. The solution was mixed using a rotary shaker (120 rpm) overnight at room temperature. Extracts were suction filtered into 250 ml round bottom flasks through Whatman no. 42 filter paper and washed twice with 12 ml volumes of extraction solution. Samples were condensed to approximately 1 ml using a vacuum rotary evaporator at 30 • C, redissolved in 80% methanol (v/v) to a final volume of 10 ml and filtered through a 0.45 µm syringe filter prior to HPLC analysis.
High Performance Liquid Chromatography (HPLC) of Isoflavones Analysis
An LC-10ATvp liquid chromatograph (Shimadzu) equipped with a YMC-pack ODS-AM-303 column (5 µm, 250 × 4.6 mm i.d., YMC Inc., Wilmington, NC) and an ultraviolet spectrophotometer at a wavelength of 254 nm was used. Isoflavone extracts were eluted at 40 • C. The mobile phases for HPLC consisted of solvent (A) 0.1% (v/v) acetic acid in filtered Milli Q water, and (B) 0.1% (v/v) acetic acid in acetonitrile. The solvent gradient was as follows: Solvent B was increased from 15 to 25% over 35 min, then increased to 26.5% within the next 12 min, and finally to 50% within 30 s, and held for the next 14.50 min. The flow rate was 1 ml/min up to 48 min and was increased to 1.3 ml/min within 30 s and held until 63 min. Quantitative data for each isoflavone were obtained by comparison to known standards.
Crude Enzyme Extract and Determination of β-Glucosidase Activity
A modified procedures of Bahl and Agrawal were used to determine β-glucosidase activity. [15] Eight grams of sample was homogenized with 25 ml of 0.2 M acetate buffer (pH 4.5) at 4 • C. The slurry was centrifuged at 10,000 × g for 15 min at 4 • C, and the supernatant was used as a crude enzyme solution. Then 2 ml of 1 mM p-NPG solution and 0.5 ml of a crude enzyme solution were mixed and incubated at 45 • C for 5 min. The reaction was stopped by the addition of 2.5 ml of 1 M sodium carbonate. The resultant color was immediately measured at 400 nm. One unit of enzyme activity was defined as the amount of enzyme which liberated l µmole of p-nitrophenol per min.
Statistical Analysis
Data were analysed by analysis of variance (ANOVA) using the general linear model (SPSS15.0 Version 8.0, SAS Institute Inc., NC, USA). Duncan's multiple range test was used to determine the differences among samples. Significant levels were defined as probabilities of 0.05 or less.
RESULTS AND DISCUSSION
Changes in Total Contents of Isoflavones During Sufu Manufacturing
The yields of isoflavones for soybean, tofu, pehtze, salted pehtze and sufu, normalized for molecular weight differences of the isoflavone isomers, were presented in Table 1 , which showed that each step of sufu manufacturing resulted in the loss of total isoflavones. The total recovery of isoflavones in sufu from the raw soybean was as low as 18%. Tofu production seemed to be the principal cause of the loss of isoflavones during sufu manufacturing, resulting in 65.0% of the isoflavones being leached from materials. Total isoflavone content in tofu reduced to 350.4 mg from the initial isoflavone amount of 1001.6 mg in soaked soybean, which was mainly contributed to the leaching of the discarded soybean okara and whey during tofu production. Although pre-fermentation did not generate major differences from tofu to phetze as far as total isoflavone content was concerned, the isoflavone losses during post-fermentation could be considered as the second major cause of the decrease in total recovery of isoflavones. The total isoflavone lost from phetze to sufu was 13.3%, in which 7.7% of total recovery of isoflavones decreased from the salting stage of post-fermentation, and 5.6% were lost during sufu ripening for 8 weeks. No 6-O-malonylglucosides could be detected in the final products.
Changes in Mass Distribution Profile of Isoflavone Isomers During Sufu Processing
The mass distribution profiles of individual isoflavone isomers during M.flavustype sufu production are shown in Table 2 . The processing steps, including soaking, tofu production and fermentation, could cause significant differences in the redistribution of isoflavone isomers in soybean foods. During the entire processing procedure from raw soybeans to sufu, the aglycones (daidzein, genistein and glycitein) increased, while the β-glucosides (daidzin, glycitin and genistin), malonylglucosides (6 -O-malonyldaidzin, 6 -O-malonylglycitin and 6 -O-malonylgenistin), and acetylglucosides (6 -O-acetyldaidzin, 6 -O-acetylglycitin and 6 -O-acetylgenistin) decreased. There were greater amounts of 6 -O-malonylglucosides than isoflavones in other forms in the raw soybean, however, the amount of isoflavone aglycone accounted for the absolute predominance.
Further, as compared with raw soybeans, a slight increase in the amount of isoflavone aglycones was found in soaked soybean, which was accompanied by a decrease in the amount of β-glucosides (daidzein, genistein and glycitein). Similar results were obtained by several other literatures, in which the endogenous β-glucosidase enzyme in soybeans was attributed to convert isoflavone glucosides into aglycones, and thus led to an increase in the amount of isoflavone aglycones during soybean soaking. [16] [17] [18] Interestingly, the increase of isoflavone aglycone did not exhibit the sustaining increase during tofu production in this study, which might be because the endogenous β-glucosidase enzyme presenting in soybeans was inactivated by heat treatment during tofu preparation. Although no significant changes in the amounts of 6 -O-malonylglucosides and 6 -O-acetylglucosides occurred during soybean soaking, the ratio of 6 -O-malonylglucosides and 6 -O-acetylglucosides to β-glycoside dramatically decreased. Toda et al. [17] reported that 6 -O-malonylglucosides isoflavone in soybean food were able to be converted into the corresponding β-glucosides and 6 -O-acetylated glucosides by various heating processes. Although results obtained in this study lacked in enough evidence confirming the transformation of 6 -O-malonylated isoflavone glucosides into other isoflavone derivatives, it was reasonable to assume that the transformation of 6 -O-malonylated isoflavone glucosides caused by heating might be another reason for the losses of 6 -O-malonylglucosides during tofu production because heating is an important procedure for tofu production.
From Table 2 , as compared with pre-treatment, fermentation led to a more significant increase in the amount of isoflavone aglycones, which was accompanied by a decrease in isoflavone glucosides. Isoflavones aglycones could account for 99.4% of total isoflavones in sufu under 15% NaCl content when M. flavus was used as mould starter. In the previous work, more than 90% of total isoflavone was detected to take the form of isoflavone aglycone in sufu fermented by Actinomucor elegans at 26 • C. [12, 13] The present results suggested that comparable transformation of isoflavone derivatives could also be obtained by using M. flavus as starter culture to produce sufu under lower temperature (13 • C).
Changes in β-Glucosidase Activity and Percentage of Isoflavone Aglycones During Sufu Processing at Different Salt Content
The changes in β-glucosidase activity during the pre-treatment stage of sufu processing are shown in Table 3 , where the β-glucosidase activity in both raw and soaked soybeans was detected. Results confirmed the existence of the endogenous β-glucosidase enzyme. We also detected a lower level of the β-glucosidase activity in tofu than raw and soaked soybean, corresponding with the results that the transformation of isoflavone from β-glucoside to aglycone could only be observed prior to tofu production, suggesting that most of the endogenous enzymes were presumably inactivated by the heat treatment during tofu production. The changes in the β-glucosidase activity and the percentage of isoflavone aglycones produced during sufu pre-fermentation are shown in Fig. 1 . Both β-glucosidase activity and the percentage of isoflavone aglycones significantly increased during the pre-fermentation. The increase in the percentage of isoflavone aglycones kept a relatively close correspondence with the changes in β-glucosidase activity during pre-fermentation. The release of aglycones from glucosides appeared to be due to the hydrolysis by β-glucosidase during sufu fermentation. It was assumed that the enzyme hydrolyzing isoflavones from glucosides to aglycones was derived from microorganisms involved in sufu fermentation since most of the endogenous enzymes were presumably inactivated by the heat treatment in tofu ( Table 3) . As mould starters, a pure culture of M. flavus was used in sufu processing, it is possible that the fungi produced β-glucosidase and hydrolyzed isoflavone glucosides to aglycones. Figures 2 and 3 show the percentage of isoflavone aglycones during sufu postfermentation, suggesting that the percentage of isoflavone aglycones in sufu continuously increased during post-fermentation. The level of NaCl content did affect the percentage of isoflavone aglycones. The percentage of isoflavone aglycones at 15% NaCl content was much higher than that at 20% NaCl content. After post-fermentation, isoflavone aglycone percentages could up to 99.4% at 15% NaCl content and 76.2% at 20% NaCl content.
Percentage of isoflavone aglycone β-glucosidase activity
In the present study, the β-glucosidase was considerably affected by the content of NaCl. Results showed that the β-glucosidase accumulated by M. flavus during postfermentation at 15% NaCl content was significantly higher than that at 20% NaCl content. The highest β-glucosidase activities were respectively recorded as 56.78 U/g dry matter at 15% NaCl content on the forth day of the salting procedure and 42.54 U/g dry matter at 20% NaCl content on the third day of the salting procedure, suggesting that M. flavus used here, was not metabolically active under 20% NaCl content as compared with 15% NaCl content, or that the higher NaCl content significantly inhibited the β-glucosidase activity generated by the fungi. This may have prevented the transformation of isoflavone glucosides into aglycones. A previous work had showed that the highest β-glucosidase Results are means ± SD of three determinations --, percentage of isoflavone aglycone; ---, β-glucosidase activity; , 15% NaCl content in sufu; , 20% NaCl content in sufu.
Figure 3
Changes in the percentage of isoflavone aglycones and β-glucosidase activity during sufu ripening. Results are means ± SD of three determinations. --, percentage of isoflavone aglycone; ---, β-glucosidase activity; , 15% NaCl content in sufu; , 20% NaCl content in sufu. activity had been recorded on the second day of the salting procedure when Actinomucor elegans was used as starter culture to produce sufu at 15% NaCl content. [12] It is possible that β-glucosidase generated by M. flavus could tolerate much higher salt concentration than that generated by A. elegans.
Findings of this study suggested that Mucor flavus was able to produce considerable levels of β-glucosidase on soybean curd. Lower NaCl content was beneficial for the transformation of isoflavone glucosides into aglycones. The amount of isoflavone aglycones accounted for the absolute predominance in M. flavus-type sufu, suggested that M. flavus could be used as a potential alternative starter to produce sufu with the enhancement of the physiological function at low temperature such as 13 • C.
